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mR±srPgarrs^ft07mPsst^s* t isft4»<i'cv^ 

[0096] ft«cWt«±. **i«S9ircii. 3t¥ffl^?$ 

~ 2 8 -en«iftiafc3(SiiByi 2 5 ^istt ^itr 04. 
[0097] ttchh. mm s 2xb2tb^ m 
m22b2zbcom. nmm2*b2*b<r)^ mm 
K2tb2tk0M. %mm2s b 2e b com. %mim 
2*b2ib<m. mfim.&2ib2sbcomz, *ti 

*tl* 3K)6KJB2 5u 252, 2 5a, 2 54, 25s, 
2 5s, mf25iiffi.ftbtlX\->h. 

t o o 9 8 ] &i>, ico%3MfoMmi l zmz>%mm 
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tc* itzm2 mmmmt mmxh 1 . 
mmffi&z. mm,2 n ( n = 1-8) <?>%mzm 

~2 5 5 . RVffi%ft%6 33^6 3f,t:1Sts1$ftt:&$: 
t^fcfct^ ftmm6 3^6 35<7)*tl?ticr><\><b 

mzwhwrnz^Lxbh msizmx'^Ltzwm 
[0100] xvmmmmm 1 a. as iz*t x 0 

fc» 1 0±.lzB&ZtitzTU? 7 H 2 2 1 „ TSB 
? 5 y F 2 2±tc5VHl¥ff* l o^ltcm§tl7t7t 
2 1~ 28^^1.8*^37 2 Oi:. 8*^)3 
720 (ft£i!feSS2i~~28) O^ftS-SOctdlC^^ 
ft£JbS5;y-?-yF2 1fcrt>£&2>. _LSI5?7-yF 
2 l(7)±^wli. 3t^tiiSI6 3i~6 38$r#0^ajfl 
7W 6 2#f£S$*UC^|>. 
[0 1 0 1 ] *Lt\ *HM^ct3V^-CI4. 3t^jfeSS 
2\^2i<rmzm^rhk.U J Pvv F2ltfZti?tim 

m<7)H&xlX'm;Ztl&tti>lZ. ±3!?7 7b'2 1# 

mzztitz^mz. mmm-?&mmm2 5i^2 5i 

*W^tLT^S„ Cft£>?)ftW12 5i~2 57kt 

H7(^i-cfcdt=, msm^x-mzom i ko&b 

[0102] &±<?)ffi&lZ}5^X , ^OT24$rf£S 

£«24£{5jM§ftT£fcm-^A 5 . ±«(I!lffiffi3 1 
£tf-LT$3rtOftg|5ftiSStllgfl5 l^tfflW§.^l»i: 

o iz®mimztitz]mnmmx\ yty-mmmm® 

rt«*«WH» 5 1 RVm7 < )V? 4 £3i 
$LT. Tc5ffl9«ffi3 2^^LTSt>m»SS24^i: 

[0 103] -^f, RSt7 4/k?4fcJ:-?T£lt$*i*: 

[01043 ttz. %mm2ifrt>*xmm23& 

r/mme 33<H<D±g|5?7 >y F 2 1 flfcli. ftjg® 
B2 53jWR»t6ivO^. £tf»K>«tl2 5sfcJ:9, 
3^K24fcfi^SftTV^ll#**)3t>, TtOUc 
a. Kit, fi^§ft£3feO(£#Dfc£fc«}:oTI9^-tS> 

4 f-v y*/H^T"<07 ox F <of£4amih£;h.l> . 
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1 8 

[ o i o 5 3 tfz. tmm2ifrt>fi-xmm25& 

tf3tttH«l6 3 5 ffl!|c7)±aJ^ 7 y F 2 1 flfctt. 
■ 2 54jWRtt4>fl"0*4. £0yK*»l2 5«fcJ:9, 
^#«K24^SiM$n-CVM»fl^3t0 3*>, 
a. RW. mZii&%<nfc#')%}:lzir>X®m-l 
*ttffiH6 36^kfiaRS*i*3l&WOESn. 84. ft 
5^y*;HS|-C'<97 ax F-^«0f64* { teJ:$tLl>. 
[0106] *HSfi0JBCtJV^-C»S, R»7 f/l^a* 

io i mz. mm®±mmrimmm 

#Si:LT3tjeaR12 5i~2 57*»»tTV^. >Iiltc 
[0107] *mS*iftK£[B|» 1 rtfcRitfcfl*** 

tSc« 2 5 1 ~ 2 57 1 mm&effizmi. BL 

(4, #J;iJ4, Ge (y;l^v-«7A) *^03te«W5aWR* 

20 HkLTfflV^Cfc*«-?#S. 

[0 108] ttz. %Mm2 5i~2 5iC0B&mt 

lxi*. mm. 07&vii8t^-fidfc, 8*o^ 

2 1 ~ 2 8 -e-il^flOfSI-cai 3 S-KV ^% afil 

U -f^?SO|*|{iS:3t3l]lgWK'^-ri>*ffi* J J>l»o 
3KS6tJ12 5i~2 57**l«UOHx 1 , *S 1 
HCOV^Tfi. R«7^^4*^^aill6 3n^ 

30 !£5£-ri>^j&W2U\ $>l»v^i, 

is i ^a^i« 1 1 *^aj*ssg 1 2 *?<o£Kfc#aaMi 

[0109] Wit LX , ^o^h-^*«-22dB4T 

t&nm? v v h ftizffigmziSiVhz tizxiXy 

<- 3 0 d B(7)UK/\,tX'^aX h-ftiWmZiltz. 

ttz. mmmmzmi^mi^m^x'i,. » 
wsm&mtL. mm- 2 2 d b*»- 2 8 d b 

40 K#$fLl>. 

[ 0 1 1 0 ] B9I4, 3t^SS : e^a-/^^4^]i67^ 

ti. $lHM<i^i(:< Sfil 0. Xl^aHRi 0± 
\zWfc%1xtz¥Wmmi<r>S* {8+*y*Ar) cox 

mm2 i ~~2 S ziiixffi$.zti&ft¥®mmmm 

lSr^itTV^4. 

[0111] %Mm2x-^2*<7)*1Xl!iX\t. ffiZVlt 
50 V^TffA>-3Wllfc:®lfiSft.T^6. X&Wm 
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8& 2 ! ~ 2s fr*fH3JI>» 3 #f£»t £>ixT^ l» . 
[0 112] ,I<D»3kL ^cO(*lffl|H#3t«^SS2 1 ~ 

mmmm i ?>±*£f;t ^r^^y bs«7 o m. 

OcOtUlZii. %mm2\---2slZ*:tl?tittfcltzS 
ffl<9ftfcti!t§6 5i~~6 5sZG? %ffik&mi<4 64 10 

[0 1 13]&*3, @9tfcV>T«. 3tt$ii!f§7l^r 6 

h»£7 omi^ttt ttc, s-gBoft&aitiTW 6 

4 fcO{iBM{MSrf£ft, ^^ffi^TP-f 6 4&tfft 

v7-?*?v\-mm.7o&. ytrnm^ru^ 6 4 mm 
ztitbnimm wsvmt) xhibbhiz. z 

tBH6 5i~6 58*^c7)^aifi-^l:^ai-r^<OE 20 
[0114] 2ts||]|fe^^CfcV^T{i. S>+x>*)l«7m 

mm 2i--2s*ti?tiztemztiz>m*m<v~utf. 
my < >v? a izx ->xnm e 5i~6 5 8 
^brnztizsmomft^zmx . 8moK%i% 
mtiztinffit^hivmmswz. mm,m±* 
mm-&tifr<7m®mM^®tfmc>tix^z>. z<v/e 
s&mm^ffli, mmh^y*mx'<n?uxv-9 
com.^mithrzib<7)h(ox'hi> . 
[oii5] mmz&. *mmmx'te. izm®$$5 30 

&%mmmizxLx. ^mm^m.-th^y^ 
vywfoioiz. ±mm®m&wzBmzm&-th£ 
at3tjtic«P7ii~7 litfmfbtix^z. 
[0116] mwmmmm mzhh 
Kmm2\^-2tt<r)nfcx'?i-z>t. mm&2\t2i 
torn. ftmm2it2st^ ymm&23t2it 

com. %mk5&2it25bCDlSl. m>te®25b2<>k<r) 40 

is, %mm26t2it<rm, si/^«ss27t2 8 t 
oiat. -£*i<m, m.WM7ii. 712, 713. 7 

14, 7 15. 7 le, &V7 l7AW=>*rC^&. 
[0117]$*, ic7)^4||Sfi^®Hi5{tl»3l^W 
t^-zuofMy:, ^7'v'>yhS«7 0tifttt^n 
£±!B036gfta5 7 1 1 ~7 1 v £l$Wf , II 1 &tf 122 

[0 1 1 8] 01 0(i, [29^L£5fc»WES''j.- 
;KD»iffiflS££, mm&2« (n=l~8) tfHHftfc 
Slt^|6l^oT*-tII-II^EnffiiffliaT'J>l>. & 50 



(11) 8H2002-182051 

20 

*>, .rcDHioKfcvvc^ imm2z^2^ mm 

357 l2~7 1&, &tf3ft$tti2g6 53~6 55^tfS5^ 
^tfcW i: b ifc, ^tt5f§6 5s~6 5 5 ^-?-^m 
<M>4>G®£jll>»rffi£*LT$>.2. {m2\,zm.X°*L 
fclSrffi(aSA$:#^) . 

[0119] ^¥ffl#«8&ffiHIS& 1 ti, 12 1 0 iz^tX 
olz.mUl OMzmfcZtiKTU? y >y H 2 2 i: . T 
-y H 2 2±(Ci;vHc¥^o^lllHc^§^ 
ftgW2i~28fc*tJE-fl>8#<0372 0fc, 8#£> 
3720 (3t«iSSI2i~28) (D-kmmoXomm 
Ztitz±.%?y'y\ t 2lbfre>%Z>. 

[0120] }M9 y-vV2\ <o±fflwc(i. nmmrn 
5<r)o hx-mmwrnrnm 1 <v±m<m%$m*m 
±ix\^mx'bi±.mxmmm%5 2&mibtix 
(H2#bs) . z\<7>±mmmkU5 2^ v?-? 

*7>bmfii.7 0bi%®-cr>mZb%-?X^l. £tz. ± 

mmmm®5 2m^y^yYmwn oct>±^ 

fi. m&%i(>5\~~€>5sZ%tS%®&%iTV4 6 4*i 
|gffl$^TV^ 0 ^/iL. ^^^71^^6 4^^*,^ 
^tff6 5i~6 5 8 cOT*^(i:. RSt7^;^4*^ 
^^'ii3i^rig^±a5^«^ll§gi5 5 2 t^roTV^. 
[0121] -g-LT. *^JI^©^UT{i:, 
2i~2 8 ^ (^ttiH6 5i~6 58C7)ra) lzm?& 

m.<nmim®m& 5 2 m ix. vywy hmm 
7 0 nmimmm 5 2 izm-mmiz. %ti?tm 
^<r)^2X'm^titdm^.<o^m.U7 11-7 17*^' 

l5{t^TV^ 0 3fcM357 li~7 l 7 {i. *T7V7> 

vmz.7 onTtinMizbziMizmmms 2Hz^k 
ztimfti-immbz^x^h. ^^^03^ 

H57 li~7 l 7 (i, 09(C*f 1 2 

[0122] JiLh^lf^Cio^T, ^^245-g^ 

^ti^A^y^)vm^z^xm^to l i< ft 
mm2^m^fixttzmmttiK mwmii 
^Lxm3mm%mmu5 i^btamtiib 
(H2#.^) . is^v-utfitmizttLxmnm 

y<)l?Alz£*>x. &mVffilzttLxmi<%&£ 

oizmmsmztitzttfcnmmx'. lemm&m® 

&l<Dm±.lT'\bK$iZtil. itz. WM<m^ 

mm. m-mmm 5 1 mmy < >v? a zm 
mix. Tm%sm3 2Zftixnvmm2i<\b 

[0 123]-*, my < >i-? Aizx^xmztitz 
mm*. ft®Jzm®!&®5 1 , %mm2<. m± 
®im®mm5 2ZjtLx. fttfuti%6 5i<\bx%z 

til. ZLX. 3fl$ftfS6 5*X'tfUUZtltzmtf£<Vft 

mm2<zmmztix^mA^y* 

[o 1 24] %mm2*frh*-xmm&2z-&. 
ifm&^5zm^±mjmm^5 2m^ m 
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«»7 uim.vt>tix\*&. zcoffimsti mzx 
ksl cat, imzti&Kcr>£tft)%tiz£'>x®m 

a. 

[o 1 25] ttz. %mm2ifrt)»-x%mm2sik 
i/mme 5sm<?>±.mmwm5 2rtttt, msb 

i8tSE7 l4#SKt«UO**. ^3*M357 lifci 
I. 

[01263 RSt7 i" ^ 4*> 

ni5o±a5^*iaiii^5 2rttc, Ri*3teRH±£PiiJt* 

S^SSHM^Si: LT3\MS57 li~7 l 7 *i«fa* 
*. liifci*). ±awi"5fc. **;na 

[ 0 1 2 7 ] **«li5rt(cgait I <* 
h^7 0(cSit6ft*#Sfi»»7 li— 7 l/C 

tizx r>xmmmt&itfczttt>mmtm*m» 
ismm bLxm^zztifix-zh. 

[ 0 1 2 8 ] TMtSE 7 1 1 ~7 1 7 £±ffi?)cfc 3 (C77 
-?7> h»K7 o k-^fc»jjW5*a^ttt. Wit*. 
?7*^yh^7 0Btt£3fc«Ktm^Jfc*6. * 
fc, 3tiS^SP7 1 1 — 7 l7**VWl*>«x2, j|§ 1 2 

[0129] {fljt LT, ^nxb-^-22dB4t 

WMrtfcJBMWWtiikfci-j-c, <-2 3 
d Bco 1"<./I^ T7ox I — 9 tt/i . 

[0 1 30] 01 1(4. *»«E«P&^i-/K0»5Sdt 

/w*, si i ntmmb mmz, WSL 1 0 . &l>'S}g 1 0 
±.lzBtf&tit:¥mmm3l?>8* {8**>*)V) <n 

mm&2i^2*ttLxn&*Kimwmmwm 
nizmtx^t. 

[0131] 3lS*»K2i~28<0*ftWi. i9r£Oft 
fra£*j|S] (01 \ *<r&&<»im) C?9oT, ftTOS 

tss&siiiKi i i*»<otfi7j«i 2tfta>-?T. 



(12) ^2002-1 8205 1 

22 

a»2i~28*«W4»3*«i5yt^rv^. 

[0 1 323 i<0»3(4, ^WrtM(c«aBiim2i~ 

28*figss*i*fi#*o-ai*Ri«-sfcft<oRftf7 

iLSfiTH*. »3J:»)fc±aa»<OffiJB-C36¥ili 

wztihbbuz. nmmsm^^yvmn 

2C0±1HZi±. y&m&2i~~26iZ*tl?tl*tJ£lt:8 

mcommm 7 1 -6 7 8 £*rf s#8iaj87M 6 6 

10 j&W3*i-0*4. 

[ 0 1 3 3 ] 0 1 1 fcfcWCU;. *«iaj»Ti»f 
6 6 Sr»v^^T3CTi1fiK«dBfflll|» 1 AlWv* 
yM«7 2ft**ri:4:tfc, #»*»H*ai3&7M 
6 6 fc^WBfiR^-tfcft. 3l£«as»ru>f 6 6&tf 
3^ffi»6 7i~6 78*-jSffl«-Cia*LTV^. * 
it, ■frTv**' MHK7 2tt, #BKB»7l>>f 6 6£« 

3^aj»6 7i~6 78*>^>^«i6«ia}ii^si»ait- 

[0 1 343 *2BSBBJBfctiVVT;ii, 8f-v y*/H036 

mm 2 1 - 2 8 ^ftefx££i*$ <ism#*<o-a*», 

R»7 4 4 (Cfc -5T»i&t43t«iailS6 7 1~ 6 7s 
^fcRSt£ft&8»M8tft&{e*fLT. 8»7)£atft 

Rlt 

mm±imm-rit^^mmmmf)mff>tix^ 

[01353 mmz\i. ^mmmmxii. K^mmw. 
30 jmm» i rtteis^t , mm^mmtimm 
^bm&i-z>ftzmi.i-z>£oiz^ 8*<7)t/tmm2i 
^-2szti?ti<7)mzffimm2 (>m.m>tix^h. 

[0 1 36] 3t»«»2ifc 22fct7)ia. 3K» 
^822 t23^c7)^ 3K«5*»23i:24f:^|l], m®. 

w,2*b2sb<rM* %mm2sb26b<m. mm 
2sb2ib<?m. m?mffl&2ib28be>mz* zti 

?tl. JfejglUl26i, 262. 263. 264. 26s. 
2 6$. ai^2 67*«K»t6ilTt^. 
[ 0 1 3 7 ] i^5HSfi^®ttJJtl»5feSI«» 

40 ft s ?-ffimsm.®& 1 ttstt^it 

fciJE««Ki(BWB 2 6 1 - 2 6 7 £ RfcWf. 0 1 RlM 2 

iztrs ttzm 1 mm® b mtxb « . 
[ 0 1 3 8 ] 0 1 2ti. 01 1 K^ufc^araaPE^A 
-ivcnmmwkz, %,mm2* ( n= i~8) <wkm 
tzmmzumz® -> x 1 1 1 — in ^mmmx-h h . 

=5r*3. d<O01 2C*3V^{i. 5K#ajS§23~2 5 . tBS 
(8t«2 6 2 ~2 65. at^3l6ttaj»6 73~6 78**tf» 

^^-r-sfcttt. 3isttai*6 73~6 7»<o-t*i-e 

50 LfcBfiBffliBA*#gg) . 
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[oi 39] mmmmmut, mi 2^-tj: mm2**imztix^tm*m<noh. %m 

>y h 2 2±fcs:^fc¥fT**o^iaHfc»ijtS<ifc muhUse is'stmzti&fttfm&ti. w,a . s& 

%M%i&2i^2slzW&-?&8*cr)aT20k. 8#W 5^-vy^;Ha-C'W^oxb-^c0^*%it$ill>. 

372 0 («W»»2i-2 8 ) <0^**«5 idfc^Jft '[0146]«tW(aWCt5^rtt. 07fttfH8fc* 

$*lfc±»?5«y K2 1 LfcSB33SIBB!IM;iJrt &X3BSJB2 5 1~2 5 7 fcRtt 

[0 140]±«?5-yK2 1«0±fflfflSlCH:, 3E«fflH fc, R3t7 4 /P? 4 £>ft1&fJ2S 6 7i~6 7s^R» 

503 *>t'3Kto^ks0ss i nmm&mza mtzttix. mmmmmm 1 rtc ru*bh 

^6 (@2#BB) . £<0±3£«lfflBaS5 2H:. 10 Srl&ttT^S. CixtiO. ±^i^t. BfS?t6f- 

•7yhg«[7 2i:B&|§|-<D&£i:&o-0^. ifc, ± +y*/Ha-C<0^nxb-^<^84*«ISfc:l*jttSi 

$ft«$M$5 2&t/Wv^yb^7 20±:frt biPttl. 

tt. #«ffl»6 7i~6 7«££t^Hi»7M6 6# [0 147] ifc. ;<OJ3(C*»^2i~28tf>Jb« 

KRftXV*. fcfc'U 368tai»7W6 6<03<ae 77-yK21fc, 3&&aj3S7W 6 6 fcOffiKdltt** 

e?tilS6 7i~6 78<0T*»*Hi, Kflt7 *;W4*»4> *LT, ±««WWW5 2*Kftfc««fc«fcWjf, ± 

03^ilJi?n**±«*««t»»5 2i:=Sro'rv^. 357? >y H 2 1 <^Bfcfflfl*ira t *ofc%£?i . * 

[0 1 4 1 ] *UC. ?HWBBJIIfc*JV^I4. jlSittff ^tcJ;l»^SLRSt^a*W]$^l). 

2i~2 8 <7)^e»ri.±^7-xh*2 lffZtL?tW [0148] &]b LX. 9uX\—9W-2 OdBfC 

g^D«x3TI»*Sfl*i:kfcfc, ±»7?-yF2 1# *ftLfc«Mlt#tT, J^J3fc*¥ffl**HS0 
H*3Wi:aHa(c, 3K*j«K-f*3iaSl»i2 6i~267 20 Kc7 ) ±a5^9>7h'l*Ilc3l6SSyi$riS(tS;i:(C < }:^T. 

jWKftfcflT^fc. Z\tlt><r>ffimM2 6i~26?{i, <-2 8dB^l^/l/;U'7n7.b-7frT$#$ft£. 

n 1 1 (as*- j; a t. $3 m^x-mMv&z 1 3 cose 1 0 1 a 9 ] =t *«»»» j Eya-;wi. ±ie 

[0142] JJltOlftaUcfcvvc . ft#i£?&24 frfci* WBft&*TKC*S . Wit*. R«7 -f )V9 4 

zitLxm3i>w?i%&mwmm i<\tmzti&t 2». asMttiss* Rt^ffl»6n<o«iiraR»fr£ 

»l««W>±*^i:R»S*i4. ifc. WM<7)H^ [0 1 50 ] 4fc. B^Sf^y^/HttCO^o*]* 

Sftl/t, TSSilft!!B3 2$r^LTS^^^§24^k J^Lfc«JSCIB4>1\ ««$r«J*tf>itf>£JHVvcj| 

r«*«, rtaaawBiitss i , ^jsss24 . &t/± a, mftmmmftizm;mm&.itxi>&\ * 

g&5£«8f)i«|55 2£:frbT, *^aj^6 74^i:A»$ Svto, ±S575-y Krt(CKtt4>H»jlStKflm. Stf 

*»5ft»24*ea[5<iT^4St4f-vy* t7oxh-7^S-tl.^t LTt^v\ 
/KOffi-^WJiSfiJt^-^ . 40 [ 0 1 5 1 3 

[ 0 1 4 4 ] Sfc. 3fe^»SS24*^^T3t«?SSS23a [5MB^«&*] «WHfcJ:*3(aill«*^A-n4i, W 

^*»ffi»6 7 3 ffl|c7)±g|577 -y H 2 1 p«jt:«, 3B£ft ±»W(C»BBLfeJ: P <X^<fc 0%1}m*m. 

m2 6a#ikft(i>tix^i>. z<o±mm2 6 3 iz£y). h-h. mmzmwzx o iz®*><r>m&Bfcti 1 1 

ffimm*immznx^m^ft<oo-h. mm tie. ?i^i*nfflti5a$^sftf7-f^^tctoTii-t 

[o 1 4 5] ifc. 3t»«»24*»6*r3K»8aft2«a sn6«»iiMi*^esis*ifcR«7^y^*fflv^ik 

ftftffls 6 7 5 ii^±a57 5 •/ h 2 1 rttii , ic t ~>x. m^mwmimb ^-tie l < mag* 
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[oi52] z^x 3&3Eswes^-/Mi, 

Mmm%M&£.m& zttzx^x. mmxm 
^ffikmz*-?i-iffii8.b?z>zbi>*it&x'h&. 

[0 15 3] RW7-*/l/*fcJ:oTR«$*ifcN 

xmtttix. mtzmmmzmmm^m 
mfizbiz**), m&t&i-*y*frmw?vxh 
-9cn%£.zm}}m±.-th z b tfx-z h . cntcto. 

[0iB*>fMt*!Min 

[HI ] 3iewmt^AW^*lllH9BIB^*JR** 

[02 ] 01 ^Lfc3^B* S>*wW3KMfc»o 
fcRiBfll3tS:-«it*L , C*tBniiH'Cft*. 

[H3 ] m^ytff&mzti&xmizm-z>%Mim<7)m 
*&tfzb*<mmmm:<mfc*7F&yy7X']b 

[04 ] R»7 -f ;^KJ:oTR»$iutRflt3KfcJ:4 
[05 ] ^**-^^2llJ«B!Bki0«ttt* 



(14) ^2002-182051 
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[06] m5iZ7r,uzmmt^a.-iucr,maz^ 

[07 ] ^^SS^^^-^^SlUfi^JBcoflljSSr^ 
f-fillBI?**. 

[08] mi^Ltzm^m^JzL-^mAzmm. 
%mxm*-m&L Lxm\ -\^mmmxhh . 

[09] #*im*^i-/i^M3Sifi^^Jfi** 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical waveguide module which has the optical 

waveguide of the flat-surface waveguide mold formed on the substrate. 

[0002] 

[Description of the Prior Art] As for controlling the optical reinforcement of signal light to a suitable 
value, in the optical circuit using optical waveguides, such as an optical fiber or the Kohei side 
waveguide, it may be desirable to keep constant the optical reinforcement of the signal light transmitted 
in each optical waveguide etc. In such a case, controlling optical reinforcement based on the result 
which carried out the monitor of the optical reinforcement of signal light all over the optical circuit, or 
carried out the monitor further is performed. 
[0003] 

[Problem(s) to be Solved by the Invention] The approach of forming an optical coupler on optical 
waveguide and branching in a part of signal light is conventionally used for the monitor of the above- 
mentioned optical reinforcement of signal light. By this approach, the monitor of the optical 
reinforcement of the signal light currently transmitted in that optical waveguide is carried out by 
forming an optical coupler in the position on optical waveguide, and carrying out the monitor of the 
optical reinforcement of the light which branched about several% and branched signal light with a 
photodetector. 

[0004] However, when an optical coupler is used in this way and the mark of the optic which constitutes 
an optical circuit increase, since it is necessary to carry out fusion splicing of them, there is a problem 
that the configuration and production process of an optical circuit are complicated. 
[0005] On the other hand, the approach of making reflect a part of signal light, and carrying out the 
monitor of the optical reinforcement is proposed, without using an optical coupler. For example, in the 
optical device indicated by JP,6-331837,A, a slanting end face is formed in the predetermined part of 
optical waveguide to an optical axis, the reflected light which is a part of signal light reflected in the 
direction in which opticals axis differ in the end face is detected, and the monitor of the optical 
reinforcement is carried out. Moreover, the optical fiber indicated by JP,2000-155235,A reflected a part 
of light by which formed the vertical end face in the predetermined part of an optical fiber to the optical 
axis, the outgoing radiation of a part of signal light was made to carry out outside about branching / 
unification structure of light, and outgoing radiation was carried out by other slanting end faces to the 
optical axis, and is taken out. 

[0006] However, when a part of signal light is reflected in this way and it uses for the monitor of optical 
reinforcement, the reflection factor of the signal light in a slanting end face serves as a value which 
changes with polarization conditions of signal light to reflect. For this reason, if the polarization 
condition of the signal light currently transmitted in optical waveguide is not specified, there is a 
problem that the monitor of the optical reinforcement cannot be carried out correctly. Moreover, when 
the end face of optical waveguide is exposed to the open air, long-term stability, such as a reflection 
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factor, will deteriorate by contamination of an end face. 

[0007] This invention aims at offering the optical waveguide module which it is not concerned with the 
polarization condition of signal light, but can carry out the monitor of the optical reinforcement correctly 
while it is made in order to solve the above trouble, and the configuration of an optical circuit is 
simplified. 
[0008] 

[Means for Solving the Problem] In order to attain such an object, the optical waveguide module by this 
invention (1) So that it may be constituted including the optical waveguide of the flat-surface waveguide 
mold formed on the substrate and the substrate and the predetermined part of optical waveguide may be 
crossed The Kohei side waveguide mold circuit which has the slot aslant formed by theta 
(0degree<theta) whenever [ predetermined angle-of-inclination ] to the vertical axes which intersect 
perpendicularly with the optical axis of optical waveguide, (2) While being installed inside the slot of 
the Kohei side waveguide mold circuit including the part where the signal light transmitted passes 
optical waveguide The reflective filter which reflects a part of signal light with the predetermined 
reflection factor for which the difference of the reflection factor between each cross polarization was 
compensated, (3) It is characterized by having the restoration resin with which it filled up so that the 
inside of a slot might be closed at least, and the photodetector which detects the reflected light in which 
signal light was reflected by (4) reflective filter. 

[0009] By the above-mentioned optical waveguide module, optical waveguide is not branched with an 
optical coupler, but a part of signal light is reflected in the slot on slanting prepared on optical 
waveguide, and it has composition which can carry out the monitor of the optical reinforcement of 
signal light by the reflected light. Thereby, the configuration and production process of an optical circuit 
are simplified. 

[0010] Moreover, signal light was not reflected, but the reflective filter with which polarization 
compensation by which the reflection factor between each polarization condition is made equal by the 
end face of a slot was realized was installed inside the slot, a part of signal light was reflected with this 
reflective filter, and it uses for the monitor of optical reinforcement. Since the reflection factor of signal 
light with a reflective filter does not depend optical waveguide on the polarization condition of the 
signal light currently transmitted but becomes almost fixed at this time, it becomes possible not to be 
concerned with the polarization condition of signal light, but to carry out the monitor of the optical 
reinforcement correctly. Moreover, since the inside of the slot containing a reflective filter is closed with 
restoration resin, the end face or reflective filter of a slot do not touch on the open air, and degradation 
of the long-term stability by contamination of an end face etc. is prevented. 

[001 1] Here, as for theta, it is [ whenever / angle-of-inclination / of the slot formed in the Kohei side 
waveguide mold circuit ] desirable that it is in include-angle within the limits of 0 degree < theta<=40 
degrees. 

[0012] Although signal light will be reflected at a large include angle when theta becomes large 
whenever [ over the vertical axes of a slot and a reflective filter / angle-of-inclination ], at this time, the 
difference of the reflection factor between each cross polarization increases, and compensation of the 
difference of a reflection factor with a reflective filter becomes difficult. On the other hand, if theta is 
made into above-mentioned include-angle within the limits whenever [ angle-of-inclination ], 
compensation of the difference of the reflection factor in a reflective filter is fully realizable. 
[0013] Moreover, it is characterized by using the resin ingredient which has the core of optical 
waveguide, and the refractive index of abbreviation identitas as restoration resin. The excessive echo of 
signal light by the end face of the slot used as the interface of optical waveguide and restoration resin is 
controlled by this. 

[0014] Furthermore, it is desirable to use the resin ingredient which has the refractive index of 
abbreviation identitas mutually as the internal restoration resin which closes the inside of a slot, and up 
restoration resin which closes the top face of the Kohei side waveguide mold circuit while filling up 
with restoration resin so that the predetermined range of the top face of the Kohei side waveguide mold 
circuit containing a slot upside may be closed in addition to the inside of a slot. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi__ejje 



3/31/2005 



JP 5 2002-182051,A [DETAILED DESCRIPTION] 



Page 3 of 18 



[0015] It becomes possible to control similarly the excessive echo of the signal light (reflected light) in 
the interface of up restoration resin by this with the excessive echo of the signal light (reflected light) in 
the interface of internal restoration resin. Here, using the same resin ingredient for internal restoration 
resin and up restoration resin, then the process filled up with resin can be simplified. 
[0016] Moreover, it is characterized by preparing the coat film (acid-resisting coat) which prevents an 
echo of the light wave length band used for the interface of the Kohei side waveguide mold circuit and a 
photodetector, or the interface of restoration resin and a photodetector. The refractive indexes of a 
photodetector usually differ greatly from the refractive index of optical waveguide or restoration resin. 
On the other hand, if the acid-resisting coat is prepared if needed, the excessive echo produced when 
incidence of the reflected light is carried out to a photodetector is controlled, and the polarization 
dependency produced by it can be controlled. 

[0017] Moreover, the light-receiving side of a photodetector is characterized by being formed in the 
abbreviation elliptical containing a reflected light spot elliptical [ by the reflected light reflected by the 
reflective filter ]. 

[0018] Since the signal light transmitted in optical waveguide has the circular signal light spot from the 
core configuration, the spot of the reflected light reflected by the slanting reflective filter serves as 
elliptical. On the other hand, if the light-receiving side of a photodetector is made abbreviation elliptical, 
generating of the noise from a part for an unnecessary light-receiving surface part etc. can be reduced, 
and the effectiveness of the monitor of optical reinforcement will improve. Moreover, since width of 
face of the light-receiving side over the array direction vertical to the optical axis of optical waveguide 
can be made into the minimum, when installing a photodetector array corresponding to an optical 
waveguide array, it becomes possible to make the array pitch of a photodetector small and to consider as 
the configuration of an efficient optical circuit. 

[0019] Moreover, while an optical waveguide module has the optical waveguide of N book (N is 
plurality) and is equipped with the photodetector of N individual corresponding to the optical waveguide 
of N book as a photodetector as optical waveguide of the Kohei side waveguide mold circuit, 
respectively It is characterized by establishing the optical-path isolation means for isolating reflected 
light ways between each reflected light way of N individual to the reflected light way of N individual 
where a part of signal light transmitted in each optical waveguide of N book is reflected in the 
photodetector which corresponds with a reflective filter. 

[0020] Thus, the Kohei side waveguide mold circuit has the optical waveguide of N book (N channel), 
and it is detected by the photodetector with which the signal light of N channel reflected by the 
reflective filter spreads a predetermined reflected light way, and corresponds, respectively when 
carrying out the monitor of the optical reinforcement of the signal light of N channel transmitted in each 
optical waveguide. While the signal light from the optical waveguide reflected with the reflective filter 
is detected by the corresponding photodetector at this time, that part adjoins, and also incidence is 
carried out to the photodetector of a channel, it is detected by dispersion of the light produced in the part 
of a filter or others, the breadth of the light reflected and transmitted, etc., and a cross talk may 
deteriorate by them. 

[0021] On the other hand, generating of the cross talk between the adjoining channels can be prevented 
as much as possible by establishing an optical-path isolation means between the reflected light ways 
which adjoin as mentioned above. This becomes possible to carry out the monitor of the optical 
reinforcement of the signal light in each channel to accuracy about the signal light of N channel 
transmitted in each optical waveguide. 
- [0022] Moreover, as a configuration for isolating reflected light ways, the configuration which is the 
optical electric shielding means established between each optical waveguide of N book is suitable for an 
optical-path isolation means so that the light which passes to the reflected light way which adjoins from 
a reflected light way in the Kohei side waveguide mold circuit may be covered. Or the configuration 
which is the optical electric shielding means established so that the light which passes to the reflected 
light way which adjoins from a reflected light way in restoration resin might be covered is suitable for 
an optical-path isolation means. 
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[0023] Thus, generating of the cross talk between the adjoining channels can be certainly prevented by 
establishing an optical electric shielding means in the Kohei side waveguide mold circuit or restoration 
resin. It is desirable to use the optical shielding material which has the effectiveness which covers light 
as such an optical electric shielding means when absorption, an echo, or dispersion carries out light of 
signal light wave length. 

[0024] As a concrete configuration in the case of establishing an optical electric shielding means in 
restoration resin While filling up with restoration resin so that the predetermined range of the top face of 
the Kohei side waveguide mold circuit containing a slot upside may be closed in addition to the inside of 
a slot The installation member (mounting member) for laying the photodetector of N individual in the 
top-face side of the Kohei side waveguide mold circuit is prepared, and the configuration which consists 
of the optical electric shielding section prepared in the installation member so that it might project in the 
up restoration resin which closes the top face of the Kohei side waveguide mold circuit can be used for 
an optical electric shielding means. Moreover, the configuration which establishes an optical electric 
shielding means apart from an installation member may be used. 

[0025] Of course, the effectiveness that preparing a slot as an optical-path isolation means between the 
waveguide cores of optical waveguide also controls the scattered light, and it prevents generating of a 
cross talk by preparing the dry area of a suitable flute width and the slot side-attachment-wall section 
etc. is acquired. 
[0026] 

[Embodiment of the Invention] Hereafter, the suitable operation gestalt of the optical waveguide module 
by this invention is explained to a detail with a drawing. In addition, in explanation of a drawing, the 
same sign is given to the same element, and the overlapping explanation is omitted. Moreover, the rate 
of a proportion of a drawing is not necessarily in agreement with the thing of explanation. 
[0027] Drawing 1 is the top view showing the configuration of the 1st operation gestalt of the optical 
waveguide module by this invention. This optical waveguide module is equipped with the Kohei side 
waveguide mold circuit 1 constituted by having eight optical waveguides (eight channels) 21-28 of the 
flat-surface waveguide mold formed on the substrate 10 and the substrate 10. 

[0028] Each of optical waveguides 21-28 is mutually formed in parallel and regular intervals toward the 
outgoing end 12 along the predetermined direction of optical transmission (the direction of the arrow 
head in drawing 1 ) from the input edge 1 1 of the Kohei side waveguide mold circuit 1 . Moreover, the 
slot 3 which crosses optical waveguides 21-28 is established in the predetermined part to the direction of 
optical transmission of the Kohei side waveguide mold circuit 1 . 

[0029] This slot 3 is closed with restoration resin 5 while the reflective filter 4 for reflecting a part of 
signal light transmitted to that inside in each optical waveguides 21-28 is installed. Moreover, rather 
than the slot 3, while the submounting substrate 7 is installed above the Kohei side waveguide mold 
circuit 1, the photodetector array 6 which has eight photodetectors 61-68 corresponding to optical 
waveguides 21-28, respectively is installed above restoration resin 5 and the submounting substrate 7 in 
the location of the upstream. The Kohei side waveguide mold circuit 1, the submounting substrate 7 and 
the submounting substrate 7, and the photodetector array 6 are fixed with solder. 
[0030] In addition, in drawing 1 , the configuration of each light-receiving side is illustrated by the 
dotted line about photodetectors 61-68. Moreover, while the submounting substrate 7 is an installation 
member (mounting member) for laying the photodetector array 6, wiring, an electrode, etc. for reading 
the photodetection signal from photodetectors 61-68 are formed in the top face as typically shown in 
drawing 1 . 

[0031] Drawing 2 is the sectional view showing the cross-section structure of the optical waveguide 
module shown in drawing 1 along the direction of an optical axis (the direction of optical transmission 
of the Kohei side waveguide mold circuit 1) of 2n of optical waveguides (n=l-8). In addition, the part 
containing a slot 3, the reflective filter 4, and the photodetector array 6 is expanded, and this drawing 2 
is shown. 

[0032] 2n of optical waveguides in the Kohei side waveguide mold circuit 1 is constituted by forming 
the lower clad 22, a core 20, and the up clad 21 on a substrate 10, as shown in drawing 2 . On the other 
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hand, the slot 3 which crosses 2n of optical waveguides by the predetermined part is equivalent to a core 
20, is depth d which includes the part where the signal light transmitted passes 2n of optical waveguides 
at least, and is aslant formed by theta (Odegree<theta) whenever [ predetermined angle-of-inclination ] to 
the vertical axes (shown by the dotted line in drawing 2 ) which intersect perpendicularly with the 
optical axis of 2n of optical waveguides (it intersects perpendicularly with a substrate 10). In this 
operation gestalt, depth d of a slot 3 is set up more greatly than the thickness of 2n of optical 
waveguides. 

[0033] The reflective filter 4 is inserted inside the slot 3. To the optical axis, the reflective filter 4 is the 
include angle theta of a slot 3 and abbreviation identitas, and it is installed so that the part where the 
signal light transmitted passes 2n of optical waveguides may be included at least. This reflective filter 4 
consists of a dielectric multilayer filter preferably, and it is constituted so that a part of signal light of the 
predetermined wavelength (inside of a predetermined wavelength band) transmitted in 2n of optical 
waveguides may be reflected with a fixed reflection factor. 

[0034] Furthermore, the difference of the reflection factor between each cross polarization at the time of 
reflecting signal light is compensated, and the dielectric multilayer filter which constitutes this reflective 
filter 4 is formed so that a part for signal Mitsunari of each polarization condition may be reflected with 
an almost equal reflection factor. Setting out of the reflection factor to a part for signal Mitsunari of such 
each polarization condition is performed by the dielectric materials of each class which constitutes for 
example, a dielectric multilayer filter, the thickness of the combination and each class, etc. 
[0035] The inside of the slot 3 containing the reflective filter 4 is closed with restoration resin 5. Here, 
the restoration resin 5 in this operation gestalt consists of the internal restoration resin section 51 which 
is closing the inside of a slot 3, and the up restoration resin section 52 which is closing the 
predetermined range of the top face of the Kohei side waveguide mold circuit 1 containing a slot 3 
upside. The section restoration resin section 51 and the up restoration resin section 52 are formed in one 
using the same resin ingredient among these. 

[0036] The photodetector array 6 which has 6n (n=l-8) of photodetectors corresponding to 2n of each 
optical waveguide, respectively is installed in the top-face side of the up restoration resin section 52 of 
restoration resin 5, and the submounting substrate 7. The photodetector array 6 is arranged so that 
incidence of the reflected light in which a part of signal light transmitted in 2n of optical waveguides 
was reflected with the reflective filter 4 may be carried out to the light-receiving side of 6n of 
photodetectors which correspond, respectively. In addition, as 6n of photodetectors, it is desirable to use 
[ of the reflected light ] the photodiode of a rear-face incoming radiational type etc. from incidence. 
[0037] If outgoing radiation of the signal light transmitted in 2n of optical waveguides is carried out 
through the upstream end face 31 in the above configuration to the internal restoration resin section 51 
in a slot 3, a part of signal light receives an optical axis. With the slanting reflective filter 4 It is reflected 
in the slanting upper part of the Kohei side waveguide mold circuit 1 with the predetermined reflection 
factor by which polarization compensation was carried out so that it might become equal to each 
polarization condition. Moreover, the amount of other signal Mitsunari penetrates the internal restoration 
resin section 51 and the reflective filter 4, and incidence is again carried out through the downstream end 
face 32 at 2n of optical waveguides. 

[0038] On the other hand, incidence of the reflected light reflected by the reflective filter 4 is carried out 
at 6n of photodetectors through the internal restoration resin section 51, 2n of optical waveguides, and 
the up restoration resin section 52. And the monitor of the optical reinforcement of the signal light 
currently transmitted in 2n of optical waveguides is carried out from the optical reinforcement of the 
reflected light detected by 6n of photodetectors. 

[0039] By the optical waveguide module of this operation gestalt, it does not branch in the optical 
waveguide itself with optics, such as an optical coupler, but a part of signal light is reflected in the slot 3 
on slanting prepared so that 2n of each optical waveguide might be crossed, and it uses for the monitor 
of optical reinforcement. Thereby, the configuration of the optical circuit in the optical waveguide 
module in which the monitor of optical reinforcement is possible is simplified. Moreover, since 
installation of an excessive optic, the fusion splicing of each optical waveguide, etc. become 
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unnecessary, the production process is simplified similarly. 

[0040] Moreover, signal light is not reflected but a part of signal light is reflected with the reflective 
filter 4 with which polarization compensation by which the reflection factor between each cross 
polarization is made almost equal by the end faces 31 and 32 of a slot 3 was realized, since the reflection 
factor of signal light with the reflective filter 4 does not depend 2n of optical waveguides on the 
polarization condition of the signal light currently transmitted but serves as about 1 law at this time, it 
becomes possible not to be concerned with the polarization condition of signal light, but to carry out the 
monitor of the optical reinforcement correctly using the optical reinforcement of the reflected light 
detected by 6n of photodetectors. 

[0041] Moreover, the inside of the slot 3 containing the reflective filter 4 is closed with restoration resin 
5. Since it is lost at this time that end faces 3 1 and 32, the reflective filter 4, etc. of a slot 3 touch on the 
open air, degradation of the long-term stability of operation by those contamination is prevented. 
[0042] Here, as for theta, it is [ whenever / angle-of-inclination / over the vertical axes of a slot 3 and the 
reflective filter 4 ] desirable that it isdnclude-angle within the limits of 0 degree < theta<=40 degrees. 
[0043] Change of the polarization dependence loss (PDL:Polarization dependent loss) when changing 
the inclination of the reflector over the optical axis with which signal light is transmitted to drawing 3 is 
shown. As shown in this graph, when theta is made into 0 degree whenever [ over vertical axes / angle- 
of-inclination ], the reflection property by the usual reflector does not have a polarization dependency, 
and is set to PDL=0 (when signal light is reflected in hard flow). And if the polarization dependency of a 
reflection factor increases and theta exceeds 40 degrees as theta becomes large whenever [ angle-of- 
inclination ], the value of PDL increases rapidly. 

[0044] Thus, if theta becomes large and PDL increases, polarization compensation of the difference of a 
reflection factor with the reflective filter 4 will become difficult. That is, the numerical conditions as 
which it is required of a refractive index, thickness, etc. of construction material of each class in the 
dielectric multilayer filter for compensating the difference of a reflection factor with a large 
configuration whenever [ angle-of-inclination ] since the value of theta of PDL is large and it changes 
with theta rapidly become very severe. For this reason, practically, it is difficult to design and create the 
dielectric multilayer filter of the reflective filter 4 so that the difference of a reflection factor may fully 
be compensated. On the other hand, if theta is made into include-angle within the limits of 0 degree < 
theta<=40 degrees whenever [ angle-of-inclination ], compensation of the difference of the reflection 
factor in the reflective filter 4 is realizable in sufficient precision. 

[0045] Moreover, about restoration resin 5, it is desirable to use the resin ingredient which has the 
refractive index (less than 1% of for example, errors) of the core 20 of 2n of optical waveguides and 
abbreviation identitas. 

[0046] By using the internal restoration resin section 51 as the resin ingredient which has the refractive 
index of a core 20 and abbreviation identitas, an excessive echo in case outgoing radiation of the signal 
light is carried out from 2n of optical waveguides to the internal restoration resin section 51 (point PI 
reference in drawing 2 ) is controlled. Moreover, an excessive echo in case incidence of the reflected 
light reflected with the reflective filter 4 is carried out from the internal restoration resin section 51 at 2n 
of optical waveguides (point P2 reference) is controlled. 

[0047] Moreover, an excessive echo in case incidence of the reflected light reflected with the reflective 
filter 4 is carried out from 2n of optical waveguides to the up restoration resin section 52 (point P3 
reference) is controlled by using up restoration resin 52 as the resin ingredient which has the refractive 
index of a core 20 and abbreviation identitas. 

[0048] When an excessive echo arises in the field side of 2n of such optical waveguides, the internal 
restoration resin section 51, and the up restoration resin section 52, those reflection properties have a 
polarization dependency according to whenever [ each angle-of-reflection ]. Therefore, if an echo is 
produced without the refractive index between these each part having consistency, although the 
reflective filter 4 is performing polarization compensation of the difference of a reflection factor, the 
optical reinforcement of the reflected light detected by 6n of photodetectors will be dependent on the 
polarization condition of signal light. On the other hand, if a refractive index is adjusted and the 
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excessive echo in respect of each field is controlled, it will become certainly possible to realize the 
monitor of the right light reinforcement without regards to the polarization condition of signal light. 
[0049] In addition, like this operation gestalt, when the up restoration resin section 52 is formed in 
addition to the internal restoration resin section 51, it is desirable to use the resin ingredient which has 
the refractive index of abbreviation identitas mutually to these restoration resin sections 51 and 52. It 
becomes possible to control similarly the excessive echo of the signal light (reflected light) in the 
interface of the up restoration resin section 52 by this with the excessive echo of the signal light 
(reflected light) in the interface of the internal restoration resin section 51. 

[0050] Furthermore, the restoration resin sections 51 and 52 may be formed in one using the same resin 
ingredient. The process filled up with resin is simplified by this. In addition, the difference of the 
refractive index of a core 20 and the up clad 21 is usually the magnitude which can be disregarded about 
the problem of this echo. 

[0051] Moreover, when an excessive echo in case incidence of the reflected light reflected with the 
reflective filter 4 is carried out from the up restoration resin section 52 at 6n of photodetectors (point P4 
reference) poses a problem, it is desirable to establish an acid-resisting coat in a restoration resin 5 and 
6n [ of photodetectors ] interface. The excessive echo produced by this when incidence of the reflected 
light from the reflective filter 4 is carried out at 6n of photodetectors is controlled, and it becomes 
certainly possible like the excessive echo in the field side of the 2n of the above-mentioned optical 
waveguides, the internal restoration resin section 51, and the up restoration resin section 52 to realize the 
monitor of the right light reinforcement without regards to the polarization condition of signal light. 
[0052] Moreover, about the configuration of 6n of photodetectors, and the photodetector array 6, it is 
desirable that the light-receiving side of 6n of each photodetector is formed [ direction / of 2n of optical 
waveguides / the major axis and / array ] in the abbreviation elliptical used as a minor axis in the 
direction of an optical axis of 2n of optical waveguides as shown in drawing 1 . 

[0053] Drawin g 4 is a mimetic diagram for explaining the configuration of the reflected light spot by the 
reflected light reflected by the reflective filter 4, and the light-receiving side configuration of 6n of 
photodetectors. The signal light transmitted in 2n of optical transmission lines has the signal light spot of 
an approximate circle form from the configuration of a core 20 etc. Therefore, the reflected light (refer 
to the side elevation of drawing 4 (a)) in which this signal light was reflected with the slanting reflective 
filter 4 forms an elliptical reflected light spot in the light-receiving side of 6n of photodetectors, as a 
dotted line A shows to the top view of drawing 4 (b). 

[0054] On the other hand, if the light-receiving side of 6n of photodetectors is formed in the 
abbreviation elliptical which contains this reflected light spot in drawing 4 (b) as a continuous line B 
shows and which meets elliptical [ of a reflected light spot ], the reflected light is detectable with 
sufficient light-receiving effectiveness. In addition, although it is also possible to converge the elliptical 
reflected light using a lens etc. and to carry out incidence to a photodetector, since the mark of an optic 
increase in this case, it becomes high cost. On the other hand, while doubling the light-receiving side 
configuration of 6n of photodetectors with a reflected light spot and simplifying the configuration of an 
abbreviation elliptical, then an optical waveguide module, it can consider as low cost. 
[0055] Here, although the light-receiving effectiveness of the reflected light will not be different from an 
abbreviation elliptical case if it is the light-receiving side configuration of a circle configuration as a 
continuous line C shows to drawing 4 (c), the width of face of the light-receiving side over the array 
direction (61 to 68 reference of drawing 1 ) of the photodetector which corresponds in the vertical 
direction in the inside of drawing 4 becomes large. For this reason, in a photodetector array, high density 
cannot be made to accumulate a photodetector by the small array pitch, an optical circuit large-area-izes, 
and it becomes high cost. 

[0056] On the other hand, an abbreviation elliptical light-receiving side configuration, then the array 
pitch of a photodetector can be made small as much as possible, and an optical circuit can be constituted 
efficiently. 

[0057] Moreover, if it is a rectangle-like light-receiving side configuration as a continuous line D shows 
to drawing 4 (d), accumulation of the photodetector in the same array pitch as an abbreviation elliptical 
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case is possible. However, with this configuration, a part for the unnecessary light-receiving surface part 
which is not used for light-receiving of the reflected light in the direction of the diagonal line of a light- 
receiving side is produced. Since the amount of such a light-receiving surface part becomes the source 
of release of the noise to a photodetection signal, that degradation of a S/N ratio and an effective 
dynamic range become small etc. becomes the cause that the effectiveness of reflected light detection 
falls. The same of such a problem is said of the case of the light-receiving side configuration of the 
above-mentioned circle configuration. 

[0058] On the other hand, generating of the noise from a part for an abbreviation elliptical light- 
receiving side configuration, then an unnecessary light-receiving surface part etc. can be reduced, and 
the effectiveness of the monitor of optical reinforcement can be raised. However, according to an array 
pitch, detection efficiency, etc. which are demanded in each optical waveguide module, the light- 
receiving side configuration of the shape of a circle configuration or a rectangle may be used. 
[0059] The concrete example of the optical waveguide module by the above-mentioned operation gestalt 
is explained. 

[0060] First, the 1st example is explained. In this example, the slot 3 was formed by whenever [ theta= 
30-degree angle-of- inclination ], and width of face of w= 25 micrometers to the direction of an optical 
axis. Moreover, as a reflective filter 4 inserted inside a slot 3, the polarization compensating filter with a 
thickness of 1 1- micrometers was used at 10% of reflection factors of signal light. Moreover, the same 
resin ingredient was used for the internal restoration resin section 51 and the up restoration resin section 
52 as restoration resin 5. The refractive index of the index matching adhesives which are the used resin 
ingredients was n= 1 .47 in the band with a wavelength of 1 .5 1 micrometers - 1 .61 micrometers. 
Moreover, as 6n of photodetectors, the diameter of the direction of a major axis used the InGaAs-PIN 
mold photodiode with which the diameter of 0.3mm and the direction of a minor axis has the elliptical 
light-receiving side which is 0.15mm. The light-receiving sensibility in the simple substance of this 
photodiode was 1 . 1 AAV. 

[0061] When the monitor of the optical reinforcement of signal light was performed using the optical 
waveguide module which consists of the above configuration, it was 10% of S polarization, and 10.3% 
of P polarization, the polarization dependency of the reflection factor in the reflective filter 4 was made 
the polarization dependence loss PDL, and was fully as small as 0.1 dB, and where the dependency to the 
polarization condition of signal light is fully reduced, it was checked that the monitor of optical 
reinforcement is possible. 

[0062] Moreover, the light-receiving sensibility to the signal light by which incidence is carried out was 
about 0.1 A/W. This shows that the optical reinforcement for signal Mitsunari reflected by the reflective 
filter 4 with 10% of reflection factor is detected by 6n of photodetectors at about 100% of effectiveness. 
Moreover, the 2n [ of optical waveguides of a slot 3 and the reflective filter 4 ] insertion loss doubled 
loss by diffraction of the echo of signal light with the reflective filter 4, and the signal light inside a slot 
3 etc., and was about l.OdB. 

[0063] Next, the 2nd example is explained. In this example, the slot 3 was formed by whenever [ theta= 
10-degree angle-of-inclination ], and width of face of w= 25 micrometers to the direction of an optical 
axis. Moreover, as a reflective filter 4 inserted inside a slot 3, the polarization compensating filter with a 
thickness of 1 1 micrometers was used at 10% of reflection factors of signal light. Moreover, the same 
resin ingredient was used for the internal restoration resin section 51 and the up restoration resin section 
52 as restoration resin 5. The refractive index of the index matching adhesives which are the used resin 
ingredients was n= 1.47 in the band with a wavelength of 1.51 micrometers - 1.61 micrometers. 
Moreover, as 6n of photodetectors, the diameter of the direction of a major axis used the photodiode 
with which the diameter of 0.3mm and the direction of a minor axis has the elliptical light-receiving side 
which is 0.15mm. The light-receiving sensibility in the simple substance of this photodiode was 1.1 



[0064] Moreover, in this example, in order to prevent the excessive echo produced when incidence of 
the reflected light is carried out to 6n of photodetectors, the acid-resisting coat was established in the up 
restoration resin 52 and 6n [ of photodetectors ] interface. 



A/W. 
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[0065] When the monitor of the optical reinforcement of signal light was performed using the optical 
waveguide module which consists of the above configuration, it was 9.7% of S polarization, and 10% of 
P polarization, the polarization dependency of the reflection factor in the reflective filter 4 was made the 
polarization dependence loss PDL, and was fully as small as O.ldB, and where the dependency to the 
polarization condition of signal light is fully reduced, it was checked that the monitor of optical 
reinforcement is possible. 

[0066] Moreover, the light-receiving sensibility to the signal light by which incidence is carried out was 
about 0.1 A/W. This shows that the optical reinforcement for signal Mitsunari reflected by the reflective 
filter 4 with 10% of reflection factor is detected by 6n of photodetectors at about 100% of effectiveness. 
Moreover, the 2n [ of optical waveguides of a slot 3 and the reflective filter 4 ] insertion loss doubled 
loss by diffraction of the echo of signal light with the reflective filter 4, and the signal light inside a slot 
3 etc., and was about l.OdB. 

[0067] It turns out that the optical waveguide module which it is not concerned with the polarization 
condition of signal light, but can carry out the monitor of the optical reinforcement correctly from the 
above example [ 1st and 2nd ] with the optical waveguide module which has the above-mentioned 
configuration is realized. 

[0068] The operation gestalt of the optical waveguide module by this invention is explained further. 
[0069] Drawing 5 is the top view showing the configuration of the 2nd operation gestalt of an optical 
waveguide module. This optical waveguide module is equipped with the Kohei side waveguide mold 
circuit 1 constituted by having eight optical waveguides (eight channels) 21-28 of the flat-surface 
waveguide mold formed on the substrate 10 and the substrate 10 like the 1st operation gestalt. 
[0070] Each of optical waveguides 21-28 is mutually formed in parallel and regular intervals toward the 
outgoing end 12 along the predetermined direction of optical transmission (the direction of the arrow 
head in drawing 5 ) from the input edge 1 1 of the Kohei side waveguide mold circuit 1 . Moreover, the 
slot 3 which crosses optical waveguides 21-28 is established in the predetermined part to the direction of 
optical transmission of the Kohei side waveguide mold circuit 1 . 

[0071] This slot 3 is closed with restoration resin 5 while the reflective filter 4 for reflecting a part of 
signal light transmitted to that inside in each optical waveguides 21-28 is installed. Moreover, the 
photodetector array 60 which has eight photodetectors 611-618 corresponding to optical waveguides 21- 
28, respectively is installed above the Kohei side waveguide mold circuit 1 rather than the slot 3 in the 
location of the upstream. In addition, in drawing 5 , the configuration of each light-receiving side is 
illustrated by the dotted line about photodetectors 611-618. 

[0072] Drawing 6 is the sectional view showing the cross-section structure of the optical waveguide 
module shown in drawing 5 along the direction of an optical axis of 2n of optical waveguides (n=l-8). 
In addition, the part containing a slot 3, the reflective filter 4, and the photodetector array 60 is 
expanded, and this drawing 6 is shown. Moreover, about the Kohei side waveguide mold circuit 1 
containing 2n of optical waveguides which consist of the lower clad 22, a core 20, and an up clad 21 
among configurations of having been shown in drawing 6 , a slot 3, and the reflective filter 4, it is the 
same as that of the configuration shown in drawing 2 . 

[0073] The inside of the slot 3 containing the reflective filter 4 is closed with restoration resin 5. Here, 
the restoration resin 5 in this operation gestalt consists only of the internal restoration resin section 51 
which is closing the inside of a slot 3. 

[0074] The photodetector array 60 which has 61n (n=l-8) of photodetectors corresponding to 2n of each 
optical waveguide, respectively is installed in the top-face side of the up clad 21 of the Kohei side 
waveguide mold circuit 1 . The photodetector array 60 is arranged so that incidence of the reflected light 
in which a part of signal light transmitted in 2n of optical waveguides was reflected with the reflective 
filter 4 may be carried out to the light-receiving side of 61 n of photodetectors which correspond, 
respectively. In addition, as 61 n of photodetectors, it is desirable to use [ of the reflected light ] the 
photodiode of a rear-face incoming radiational type etc. from incidence. Moreover, an acid-resisting coat 
may be established in an interface with 6 In of photodetectors, and the up clad 21 of 2n of optical 
waveguides. 
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[0075] If outgoing radiation of the signal light transmitted in 2n of optical waveguides is carried out 
through the upstream end face 3 1 in the above configuration to the internal restoration resin section 5 1 
in a slot 3, a part of signal light receives an optical axis. With the slanting reflective filter 4 It is reflected 
in the slanting upper part of the Kohei side waveguide mold circuit 1 with the predetermined reflection 
factor by which polarization compensation was carried out so that it might become equal to each 
polarization condition. Moreover, the amount of other signal Mitsunari penetrates the internal restoration 
resin section 51 and the reflective filter 4, and incidence is again carried out through the downstream end 
face 32 at 2n of optical waveguides. 

[0076] On the other hand, incidence of the reflected light reflected by the reflective filter 4 is carried out 
at 6 In of photodetectors through the internal restoration resin section 51 and 2n of optical waveguides. 
And the monitor of the optical reinforcement of the signal light currently transmitted in 2n of optical 
waveguides is carried out from the optical reinforcement of the reflected light detected by 6 In of 
photodetectors. 

[0077] By the optical waveguide module of this operation gestalt, a part of signal light is reflected in the 
slot 3 on slanting prepared like the 1st operation gestalt so that 2n of each optical waveguide might be 
crossed, and it uses for the monitor of optical reinforcement. Thereby, the configuration of the optical 
circuit in the optical waveguide module in which the monitor of optical reinforcement is possible is 
simplified. Moreover, since installation of an excessive optic, the fusion splicing of each optical 
waveguide, etc. become unnecessary, the production process is simplified similarly. 
[0078] Moreover, since a part of signal light is reflected with the reflective filter 4 with which 
polarization compensation by which the reflection factor between each cross polarization is made almost 
equal was realized, it becomes possible not to be concerned with the polarization condition of signal 
light, but to carry out the monitor of the optical reinforcement correctly using the optical reinforcement 
of the reflected light detected by 6 In of photodetectors. Moreover, since the inside of the slot 3 
containing the reflective filter 4 is closed with restoration resin 5, it is lost that end faces 31 and 32, the 
reflective filter 4, etc. of a slot 3 touch on the open air, and degradation of the long-term stability of 
operation by those contamination is prevented. 

[0079] Here, like the 1st and 2nd operation gestalt mentioned above, the Kohei side waveguide mold 
circuit 1 has the optical waveguide of N book (N is N= 8 at plurality and the above-mentioned operation 
gestalt), and when carrying out the monitor of the optical reinforcement of the signal light of N channel 
transmitted in each optical waveguide, the photodetector of N individual is installed so that it may 
correspond to each optical waveguide. And the monitor of the optical reinforcement of each signal light 
is carried out by being detected with the photodetector with which the signal light of N channel reflected 
by the reflective filter spreads a predetermined reflected light way, and corresponds, respectively. 
[0080] While the signal light from the optical waveguide reflected with the reflective filter is detected by 
the corresponding photodetector at this time, the cross talk which that part adjoins and also will be 
detected by dispersion of the light produced in every place of a device, the breadth of the light reflected 
and transmitted, etc. by carrying out incidence to the photodetector of a channel poses a problem. When 
a cross talk occurs between the adjoining channels, it becomes impossible thus, to carry out the monitor 
of the optical reinforcement of the signal light in each channel to accuracy. 

[0081] Some causes which the cross talk between such channels generates are considered. For example, 
with the configuration shown in drawing 2 or drawing 6 , the reflected light and the scattered light by 
scattered reflection etc. of the dispersion, the substrate 10, and the lower clad 22 by the defect in the 
scattered reflection in the interface of each part of the Kohei side waveguide mold circuit 1 and 
restoration resin 5, the top face of the up clad 21, etc. in an interface are considered as a cause of cross 
talk generating. 

[0082] Moreover, although the signal light transmitted in optical waveguide mainly spreads incore, it 
spreads and spreads a part of signal light also in the upper part near the core, and a lower clad. If the 
breadth to the clad of signal light is too large at this time, the reflected light way from a reflective filter 
to a photodetector will spread too much, or it will become causes of cross talk generating - the 
unnecessary scattered light occurs within optical waveguide etc.. 
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[0083] The breadth to such a clad of signal light is produced by the misalignment to the optical 
waveguide of the optical fiber for a signal light input connected to the input edge of for example, the 
Kohei side waveguide mold circuit etc. That is, if an optical fiber is connected to the location [ core / of 
optical waveguide ] shifted, the inputted signal light will spread the inside of a clad without waveguide 
structure etc. 

[0084] To the problem of the cross talk between such channels, with the 2nd operation gestalt which 
installed the photodetector array 60 in the top-face side of the Kohei side waveguide mold circuit 1 
directly, without forming a submounting substrate etc., as shown in drawing 6 , a 61n [ of photodetectors 
from the reflective filter 4 ] reflected light way becomes short, and the breadth of the reflected light can 
be reduced. Moreover, restoration resin 5, the scattered reflection in the interior of 2n of optical 
waveguides or an interface, and the effect of dispersion are reduced. Therefore, generating of the cross 
talk between channels is controlled. 

[0085] Moreover, also in any of the 1st and 2nd operation gestalt, it is desirable to enlarge the optical 
confinement effectiveness of the signal light into a core 20 to the signal light transmitted in 2n of optical 
waveguides, when preventing cross talk generating. Specifically, it is desirable to enlarge refractive- 
index difference deltan of a core 20 and clads 21 and 22. Thereby, breadth to the clads 21 and 22 of the 
signal light by which the inside of a core 20 is spread can be made small. Moreover, also about a part for 
signal Mitsunari which oozed out to the clad by the misalignment of an optical fiber etc., since the 
refractive index of a core is high, the effectiveness which confines light in the interior of a core is 
expectable. 

[0086] As an example, in the configuration shown in drawing 6 , refractive-index difference 
deltan=0.3% of a core 20 and clads 21 and 22, where misalignment is carried out to the location offset 2 
micrometers from the core, when the optical fiber was connected to the optical waveguide of core size 
8.5micrometer**, the cross talk deteriorated to -22dB. On the other hand, when refractive-index 
difference deltan was made large to 0.45% from 0.3%, the cross talk has been improved to <-25dB level. 

[0087] Here, the manufacture approach of the Kohei side waveguide mold circuit in the case of 
enlarging refractive-index difference deltan between a core and a clad in this way is explained, a core 
and an up clad (exaggerated clad) - for example, the Si02 (quartz) glass impalpable powder with which 
the predetermined additive was added, respectively is made to deposit and sinter by the flame depositing 
method (FHD law : Flame Hydrolysis Deposition Method), and it is formed. 
[0088] Let a core as germanium addition Si02 glass, and, specifically, let an up clad be B/P addition 
Si02 glass. When germanium, B, P, and Si02 hydrolyze GeC14, BC13, POC13, and SiC14 in an acid 
hydrogen burner, respectively, soot-like impalpable powder is obtained. And refractive-index difference 
deltan is adjusted by adjusting the addition of the addition of germanium to a core, B to an up clad, and 
P. 

[0089] For example, typically, the addition of germanium to a core becomes about germanium 
concentration =4.6wt% at the time of germanium concentration =3.2wt% and deltan=0.45% at the time 
of deltan=0.3%. Moreover, although decided by the soot attachment condition etc., the addition of B and 
P to an up clad balances the addition of P to which a refractive index is made to increase, and the 
addition of B to which a refractive index is reduced, and it is adjusted so that it may become a refractive 
index equivalent to pure Si02 glass exactly. By the above approach, 0.3% and 0.45% of optical 
waveguide is obtained for refractive-index difference deltan of a core and an up clad. 
[0090] It is also effective to establish an optical-path isolation means between optical paths to the 
problem of the cross talk between the channels mentioned above also besides enlarging the optical 
confinement effectiveness to a core. That is, generating of the cross talk between the adjoining channels 
can be prevented as much as possible by establishing an optical-path isolation means between adjoining 
reflected light ways. This becomes possible to carry out the monitor of the optical reinforcement of the 
signal light in each channel to accuracy more about the signal light of N channel transmitted in each 
optical waveguide. 

[0091] Drawing 7 is the top view showing the configuration of the 3rd operation gestalt of an optical 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/31/2005 



JP,2002-182051,A [DETAILED DESCRIPTION] 



Page 12 of 18 



waveguide module. This optical waveguide module is equipped with the Kohei side waveguide mold 
circuit 1 constituted by having eight optical waveguides (eight channels) 21-28 of the flat-surface 
waveguide mold formed on the substrate 10 and the substrate 10 like the 1st operation gestalt 
[0092] Each of optical waveguides 21-28 is mutually formed in parallel and regular intervals toward the 
outgoing end 12 along the predetermined direction of optical transmission (the direction of the arrow 
head in drawing 7 ) from the input edge 1 1 of the Kohei side waveguide mold circuit 1 . Moreover, the 
slot 3 which crosses optical waveguides 21-28 is established in the predetermined part to the direction of 
optical transmission of the Kohei side waveguide mold circuit 1 . 

[0093] This slot 3 is closed with restoration resin 5 while the reflective filter 4 for reflecting a part of 
signal light transmitted to that inside in each optical waveguides 21-28 is installed. Moreover, the 
photodetector array 62 which has eight photodetectors 631-638 corresponding to optical waveguides 21- 
28, respectively is installed above the Kohei side waveguide mold circuit 1 rather than the slot 3 in the 
location of the upstream. 

[0094] In addition, in drawing 7 , while Kohei side waveguide mold circuit 1 grade is shown in the 
condition except the photodetector array 62, in order to show physical relationship with the 
photodetector array 62 of each part, the alternate long and short dash line is illustrating the photodetector 
array 62 and photodetectors 631-638. 

[0095] this operation gestalt - setting - the optical waveguides 21-28 of eight channels - the optical- 
path isolation means for isolating reflected light ways is established in the Kohei side waveguide mold 
circuit 1 where a part of signal light transmitted in each becomes between each eight reflected light way 
to eight reflected light ways reflected in the photodetectors 631-638 which correspond with the 
reflective filter 4. This optical-path isolation means is for controlling generating of the cross talk 
between the adjoining channels. 

[0096] specifically with this operation gestalt, the light which passes to the reflected light way which 
adjoins from a reflected light way in the Kohei side waveguide mold circuit 1 is covered - as - eight 
optical waveguides 21-28 - the optical shielding layer 25 is formed between each. 
[0097] That is, the optical shielding layers 251, 252, 253, 254, 255, 256, and 257 are formed between 
optical waveguides 25 and 26 between optical waveguides 24 and 25 between optical waveguides 23 
and 24 between optical waveguides 22 and 23 between optical waveguides 21 and 22, respectively 
among optical waveguides 26 and 27 and among optical waveguides 27 and 28. 
[0098] In addition, the configuration of the optical waveguide module in this 3rd operation gestalt is the 
same as that of the 2nd operation gestalt shown in drawing 5 and drawing 6 , if the above-mentioned 
optical shielding layers 251-257 prepared in the Kohei side waveguide mold circuit 1 are removed. 
[0099] Drawing 8 is the I-I arrow-head sectional view showing the cross-section structure of the optical 
waveguide module shown in drawing 7 along a direction vertical to the optical axis of 2n of optical 
waveguides (n=l-8). In addition, in this drawing 8 , while expanding the part containing optical 
waveguides 23-25, the optical shielding layers 252-255, and photodetectors 633-635, the cross section 
passing through each center position of photodetectors 633-635 is shown (see the cross-section location 
B shown in drawing 6 by the dotted line). 

[0100] The Kohei side waveguide mold circuit 1 consists of an up clad 21 formed so that the lower clad 
22 formed on the substrate 10, eight cores 20 corresponding to the optical waveguides 21-28 mutually 
formed on the lower clad 22 at parallel and regular intervals, and the eight whole cores 20 (optical 
waveguides 21-28) might be covered, as shown in drawing 8 . Moreover, the photodetector array 62 
containing photodetectors 631-638 is installed above the up clad 21. 

[0101] And in this operation gestalt, while the up clad 21 located among optical waveguides 21-28 is 
removed by the predetermined width of face xl, respectively, the optical shielding layers 251-257 which 
cover light are formed in the part to which the up clad 21 was removed. These optical shielding layers 
251-257 are formed over the range of the predetermined die length 11 ranging over the slot 3, as shown 
in drawing 7 . 

[0102] If its attention is paid to optical waveguide 24 about the signal light of the 4th channel 
transmitted in the above configuration If outgoing radiation of the signal light transmitted in optical 
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waveguide 24 is carried out through the upstream end face 31 to the internal restoration resin section 51 
in a slot 3 (refer to drawing 6 ), a part of signal light receives an optical axis. With the slanting reflective 
filter 4 It is reflected in the slanting upper part of the Kohei side waveguide mold circuit 1 with the 
predetermined reflection factor by which polarization compensation was carried out so that it might 
become equal to each polarization condition. Moreover, the amount of other signal Mitsunari penetrates 
the internal restoration resin section 51 and the reflective filter 4, and incidence is again carried out 
through the downstream end face 32 to optical waveguide 24. 

[0103] On the other hand, incidence of the reflected light reflected by the reflective filter 4 is carried out 
through the internal restoration resin section 51 and optical waveguide 24 to a photodetector 634. And 
the monitor of the optical reinforcement of the signal light of the 4th channel currently transmitted in 
optical waveguide 24 is carried out from the optical reinforcement of the reflected light detected with the 
photodetector 634. 

[0104] Moreover, the optical shielding layer 253 is formed in the up clad 21 by the side of optical 
waveguide 23 and a photodetector 633, in view of optical waveguide 24. The light by which optical 
waveguide 24 is spread to the photodetector 633 which adjoins by dispersion of light, the breadth of the 
light reflected and transmitted, etc. among the signal light currently transmitted is covered by this optical 
shielding layer 253, and generating of the cross talk between the 3rd and the 4th channel is prevented. 
[0105] Moreover, the optical shielding layer 254 is formed in the up clad 21 by the side of optical 
waveguide 25 and a photodetector 635, in view of optical waveguide 24. The light by which optical 
waveguide 24 is spread to the photodetector 635 which adjoins by dispersion of light, the breadth of the 
light reflected and transmitted, etc. among the signal light currently transmitted is covered by this optical 
shielding layer 254, and generating of the cross talk between the 4th and the 5th channel is prevented. 
[0106] In this operation gestalt, the optical shielding layers 251-257 are formed as an optical-path 
isolation means to isolate reflected light ways, in the Kohei side waveguide mold circuit 1 to the 
reflected light way from the reflective filter 4 to photodetectors 631-638. Thereby, generating of the 
cross talk between the adjoining channels can be prevented certainly as mentioned above. 
[0107] It is desirable to use the optical shielding material which has the effectiveness which covers light 
as optical shielding layers 251-257 prepared in the Kohei side waveguide mold circuit 1 when 
absorption, an echo, or dispersion carries out light of signal light wave length. The glass which 
specifically added the additive which has the optical absorption effectiveness, such as germanium 
(germanium), to high concentration can be used as an optical shielding material. 
[0108] moreover, as the formation approach of the optical shielding layers 251-257, it is shown in 
drawin g 7 and drawing 8 , for example — as ~ eight optical waveguides 21-28 ~ there is the approach of 
forming seven slots of width of face xl and die length 11 in optical waveguide and abbreviation parallel 
ranging over a slot 3, respectively between each, and filling up the inside of the slot with an optical 
shielding material, moreover, the optical shielding layers 251-257 - about each width of face xl and die 
length 11, it is desirable to set up so that the shielding effect of the light between the adjoining channels 
may fully be secured, without narrowing a 63n [ of photodetectors ] reflected light way too much from 
the reflective filter 4. Or it is good also as a configuration which prepares an optical shielding layer in 
from the input edge 1 1 of the Kohei side waveguide mold circuit 1 to [ whole ] an outgoing end 12. 
[0109] As an example, the cross talk has been improved to <-30dB level to the condition that the cross 
talk deteriorated to -22dB, by preparing an optical shielding layer in the up clad of the Kohei side 
waveguide mold circuit as mentioned above. Moreover, since the waveguide of the scattered light is 
controlled to some extent even when not filling up the interior of an optical shielding layer with the 
matter, the improvement effect of a cross talk is acquired, for example, -22dB is improved to -28dB. 
[0110] Drawing 9 is the top view showing the configuration of the 4th operation gestalt of an optical 
waveguide module. This optical waveguide module is equipped with the Kohei side waveguide mold 
circuit 1 constituted by having eight optical waveguides (eight channels) 21-28 of the flat-surface 
waveguide mold formed on the substrate 10 and the substrate 10 like the 1st operation gestalt. 
[01 1 1] Each of optical waveguides 21-28 is mutually formed in parallel and regular intervals toward the 
outgoing end 12 along the predetermined direction of optical transmission (the direction of the arrow 
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head in drawing 9 ) from the input edge 1 1 of the Kohei side waveguide mold circuit 1 . Moreover, the 
slot 3 which crosses optical waveguides 21-28 is established in the predetermined part to the direction of 
optical transmission of the Kohei side waveguide mold circuit 1 . 

[0112] This slot 3 is closed with restoration resin 5 while the reflective filter 4 for reflecting a part of 
signal light transmitted to that inside in each optical waveguides 21-28 is installed. Moreover, rather 
than the slot 3, while the submounting substrate 70 is installed above the Kohei side waveguide mold 
circuit 1, the photodetector array 64 which has eight photodetectors 651-658 corresponding to optical 
waveguides 21-28, respectively is installed above restoration resin 5 and the submounting substrate 70 
in the location of the upstream. 

[01 13] In addition, in drawing 9 , while the Kohei side waveguide mold circuit 1 and submounting 
substrate 70 grade are shown in the condition except the photodetector array 64, in order to show 
physical relationship with the photodetector array 64 of each part, the alternate long and short dash line 
is illustrating the photodetector array 64 and photodetectors 651-658. Moreover, while the submounting 
substrate 70 is an installation member (mounting member) for laying the photodetector array 64, wiring, 
an electrode, etc. for reading the photodetection signal from photodetectors 651-658 are formed in the 
top face as typically shown in drawing 9 . 

[0114] this operation gestalt - setting - the optical waveguides 21-28 of eight channels - the optical- 
path isolation means for isolating reflected light ways is established in the restoration resin 5 with which 
a part of signal light transmitted in each becomes between each eight reflected light way to eight 
reflected light ways reflected in the photodetectors 651-658 which correspond with the reflective filter 4. 
This optical-path isolation means is for controlling generating of the cross talk between the adjoining 
channels. 

[0115] Specifically, it fills up with this operation gestalt so that the predetermined range of the top face 
of the Kohei side waveguide mold circuit 1 containing a slot upside may be closed in addition to the 
inside of the restoration resin 5 fang furrow 3. And to the up restoration resin section which closes the 
top face of the Kohei side waveguide mold circuit 1, the optical electric shielding sections 71 1-717 are 
formed in the submounting substrate 70 located in the upstream so that it may project in up restoration 
resin circles at a pectinate form. 

[0116] Namely, if it sees by response with the optical waveguides 21-28 in the Kohei side waveguide 
mold circuit 1 Between optical waveguides 25 and 26 between optical waveguides 24 and 25 between 
optical waveguides 23 and 24 between optical waveguides 22 and 23 between optical waveguides 21 
and 22 among optical waveguides 26 and 27 and among optical waveguides 27 and 28 Respectively, the 
optical electric shielding sections 711, 712, 713, 714, 715, 716, and 717 are formed. 
[0117] In addition, the configuration of the optical waveguide module in this 4th operation gestalt is the 
same as that of the 1st operation gestalt shown in drawing 1 and drawing 2 , if the above-mentioned 
optical electric shielding sections 711-717 prepared in the submounting substrate 70 are removed. 
[0118] Drawing 10 is the II-II arrow-head sectional view showing the cross-section structure of the 
optical waveguide module shown in drawing 9 along a direction vertical to the optical axis of 2n of 
optical waveguides (n=l-8). In addition, in this drawing 10 , while expanding the part containing optical 
waveguides 23-25, the optical electric shielding sections 712-715, and photodetectors 653-655, the cross 
section passing through each center position of photodetectors 653-655 is shown (see the cross-section 
location A shown in drawing 2 by the dotted line). 

[0119] The Kohei side waveguide mold circuit 1 consists of an up clad 21 formed so that the lower clad 
22 formed on the substrate 10, eight cores 20 corresponding to the optical waveguides 21-28 mutually 
formed on the lower clad 22 at parallel and regular intervals, and the eight whole cores 20 (optical 
waveguides 21-28) might be covered, as shown in drawing 10 . 

[0120] The up restoration resin section 52 which is the part which is closing the predetermined range of 
the top face of the Kohei side waveguide mold circuit 1 among restoration resin 5 is formed in the top- 
face side of the up clad 21 (refer to drawing 2 ). Besides, the section restoration resin section 52 serves 
as the submounting substrate 70 and height of abbreviation identitas. Moreover, the photodetector array 
64 containing photodetectors 651-658 is installed above the up restoration resin section 52 and the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/31/2005 



JP,2002- 182051, A [DETAILED DESCRIPTION] 



Page 15 of 18 



submounting substrate 70. However, the lower part part of photodetectors 651-658 serves as the up 
restoration resin section 52 which the light from the reflective filter 4 can pass among the photodetector 
arrays 64. 

[0121] And in this operation gestalt, the optical electric shielding sections 71 1-717 of the pectinate form 
formed in the end face which touches the up restoration resin section 52 of the submounting substrate 70 
by predetermined width-of-face x2, respectively are formed to the up restoration resin section 52 of the 
location which corresponds among optical waveguides 21-28 (between photodetectors 651-658). The 
optical electric shielding sections 711-717 have structure which projects, respectively in the up 
restoration resin section 52 in the downstream of the submounting substrate 70. Moreover, these optical 
electric shielding sections 71 1-717 are formed over the range of the predetermined die length 12, as 
shown in drawing 9 . 

[0122] If its attention is paid to optical waveguide 24 about the signal light of the 4th channel 
transmitted in the above configuration If outgoing radiation of the signal light transmitted in optical 
waveguide 24 is carried out through the upstream end face 31 to the internal restoration resin section 51 
in a slot 3 (refer to drawing 2 ), a part of signal light receives an optical axis. With the slanting reflective 
filter 4 It is reflected in the slanting upper part of the Kohei side waveguide mold circuit 1 with the 
predetermined reflection factor by which polarization compensation was carried out so that it might 
become equal to each polarization condition. Moreover, the amount of other signal Mitsunari penetrates 
the internal restoration resin section 51 and the reflective filter 4, and incidence is again carried out 
through the downstream end face 32 to optical waveguide 24. 

[0123] On the other hand, incidence of the reflected light reflected by the reflective filter 4 is carried out 
to a photodetector 654 through the internal restoration resin section 51, optical waveguide 24, and the up 
restoration resin section 52. And the monitor of the optical reinforcement of the signal light of the 4th 
channel currently transmitted in optical waveguide 24 is carried out from the optical reinforcement of 
the reflected light detected with the photodetector 654. 

[0124] Moreover, the optical electric shielding section 713 is formed in the up restoration resin section 
52 by the side of optical waveguide 23 and a photodetector 653, in view of optical waveguide 24. The 
light by which optical waveguide 24 is spread to the photodetector 653 which adjoins by dispersion of 
light, the breadth of the light reflected and transmitted, etc. among the signal light currently transmitted 
is covered by this optical electric shielding section 713, and generating of the cross talk between the 3rd 
and the 4th channel is prevented. 

[0125] Moreover, the optical electric shielding section 714 is formed in the up restoration resin section 
52 by the side of optical waveguide 25 and a photodetector 655, in view of optical waveguide 24. The 
light by which optical waveguide 24 is spread to the photodetector 655 which adjoins by dispersion of 
light, the breadth of the light reflected and transmitted, etc. among the signal light currently transmitted 
is covered by this optical electric shielding section 714, and generating of the cross talk between the 4th 
and the 5th channel is prevented. 

[0126] In this operation gestalt, the optical electric shielding sections 71 1-717 are formed as an optical- 
path isolation means to isolate reflected light ways, in the up restoration resin section 52 of restoration 
resin 5 to the reflected light way from the reflective filter 4 to photodetectors 651-658. Thereby, 
generating of the cross talk between the adjoining channels can be prevented certainly as mentioned 
above. 

[0127] It is desirable to use the optical shielding material which has the effectiveness which covers light 
by absorbing, reflecting or scattering about the light of signal light wave length as the optical electric 
shielding sections 711-717 prepared in the submounting substrate 70 so that it may project in restoration 
resin 5. Specifically, an alumina etc. can be used as an optical shielding material. 
[0128] In forming the optical electric shielding sections 71 1-717 in the submounting substrate 70 and 
one as mentioned above, it forms for example, submounting substrate 70 the very thing with an optical 
shielding material, moreover, the optical electric shielding sections 71 1-717 — about each width-of-face 
x2 and die length 12, it is desirable to set up so that the shielding effect of the light between the adjoining 
channels may fully be secured, without narrowing a 65n [ of photodetectors ] reflected light way too 
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much from the reflective filter 4. 

[0129] As an example, the cross talk has been improved to <-23dB level to the condition that the cross 
talk deteriorated to -22dB, by preparing the optical electric shielding section in the up restoration resin 
circles of restoration resin as mentioned above. 

[0130] Drawing 1 1 is the top view showing the configuration of the 5th operation gestalt of an optical 
waveguide module. This optical waveguide module is equipped with the Kohei side waveguide mold 
circuit 1 constituted by having eight optical waveguides (eight channels) 21-28 of the flat-surface 
waveguide mold formed on the substrate 10 and the substrate 10 like the 1st operation gestalt. 
[0131] Each of optical waveguides 21-28 is mutually formed in parallel and regular intervals toward the 
outgoing end 12 along the predetermined direction of optical transmission (the direction of the arrow 
head in drawing 1 1 ) from the input edge 1 1 of the Kohei side waveguide mold circuit 1 . Moreover, the 
slot 3 which crosses optical waveguides 21-28 is established in the predetermined part to the direction of 
optical transmission of the Kohei side waveguide mold circuit 1 . 

[0132] This slot 3 is closed with restoration resin 5 while the reflective filter 4 for reflecting a part of 
signal light transmitted to that inside in each optical waveguides 21-28 is installed. Moreover, rather 
than the slot 3, while the submounting substrate 72 is installed above the Kohei side waveguide mold 
circuit 1, the photodetector array 66 which has eight photodetectors 671-678 corresponding to optical 
waveguides 21-28, respectively is installed above restoration resin 5 and the submounting substrate 72 
in the location of the upstream. 

[0133] In addition, in drawing 1 1 , while the Kohei side waveguide mold circuit 1 and submounting 
substrate 72 grade are shown in the condition except the photodetector array 66, in order to show 
physical relationship with the photodetector array 66 of each part, the alternate long and short dash line 
is illustrating the photodetector array 66 and photodetectors 671-678. Moreover, while the submounting 
substrate 72 is an installation member (mounting member) for laying the photodetector array 66, wiring, 
an electrode, etc. for reading the photodetection signal from photodetectors 671-678 are formed in the 
top face as typically shown in drawing 1 1 . 

[0134] this operation gestalt - setting — the optical waveguides 21-28 of eight channels — the optical- 
path isolation means for isolating reflected light ways is established in the Kohei side waveguide mold 
circuit 1 where a part of signal light transmitted in each becomes between each eight reflected light way 
to eight reflected light ways reflected in the photodetectors 671-678 which correspond with the 
reflective filter 4. This optical-path isolation means is for controlling generating of the cross talk 
between the adjoining channels. 

[0135] specifically with this operation gestalt, the light which passes to the reflected light way which 
adjoins from a reflected light way in the Kohei side waveguide mold circuit 1 is covered - as - eight 
optical waveguides 21-28 - the optical shielding layer 26 is formed between each. 
[0136] That is, the optical shielding layers 261, 262, 263, 264, 265, 266, and 267 are formed between 
optical waveguides 25 and 26 between optical waveguides 24 and 25 between optical waveguides 23 
and 24 between optical waveguides 22 and 23 between optical waveguides 21 and 22, respectively 
among optical waveguides 26 and 27 and among optical waveguides 27 and 28. 
[0137] In addition, the configuration of the optical waveguide module in this 5th operation gestalt is the 
same as that of the 1st operation gestalt shown in drawing 1 and drawing 2 , if the above-mentioned 
optical shielding layers 261-267 prepared in the Kohei side waveguide mold circuit 1 are removed. 
[0138] Drawing 12 is the III-III arrow-head sectional view showing the cross-section structure of the 
optical waveguide module shown in drawing 1 1 along a direction vertical to the optical axis of 2n of 
optical waveguides (n=l-8). In addition, in this drawing 12 , while expanding the part containing optical 
waveguides 23-25, the optical shielding layers 262-265, and photodetectors 673-675, the cross section 
passing through each center position of photodetectors 673-675 is shown (see the cross-section location 
A shown in drawing 2 by the dotted line). 

[0139] The Kohei side waveguide mold circuit 1 consists of an up clad 21 formed so that the lower clad 
22 formed on the substrate 10, eight cores 20 corresponding to the optical waveguides 21-28 mutually 
formed on the lower clad 22 at parallel and regular intervals, and the eight whole cores 20 (optical 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



3/31/2005 



JP,2002- 182051, A [DETAILED DESCRIPTION] 



Page 17 of 18 



waveguides 21-28) might be covered, as shown in drawing 12 . 

[0140] The up restoration resin section 52 which is the part which is closing the predetermined range of 
the top face of the Kohei side waveguide mold circuit 1 among restoration resin 5 is formed in the top- 
face side of the up clad 21 (refer to drawing 2 ). Besides, the section restoration resin section 52 serves 
as the submounting substrate 72 and height of abbreviation identitas. Moreover, the photodetector array 
66 containing photodetectors 671-678 is installed above the up restoration resin section 52 and the 
submounting substrate 72. However, the lower part part of photodetectors 671-678 serves as the up 
restoration resin section 52 which the light from the reflective filter 4 can pass among the photodetector 
arrays 66. 

[0141] And in this operation gestalt, while the up clad 21 located among optical waveguides 21-28 is 
removed by the predetermined width of face x3, respectively, the optical shielding layers 261-267 which 
cover light are formed in the part to which the up clad 21 was removed. These optical shielding layers 
261-267 are formed over the range of the predetermined die length 13 ranging over the slot 3, as shown 
in drawing 1 1 . 

[0142] If its attention is paid to optical waveguide 24 about the signal light of the 4th channel 
transmitted in the above configuration If outgoing radiation of the signal light transmitted in optical 
waveguide 24 is carried out through the upstream end face 3 1 to the internal restoration resin section 5 1 
in a slot 3 (refer to drawing 2 ), a part of signal light receives an optical axis. With the slanting reflective 
filter 4 It is reflected in the slanting upper part of the Kohei side waveguide mold circuit 1 with the 
predetermined reflection factor by which polarization compensation was carried out so that it might 
become equal to each polarization condition. Moreover, the amount of other signal Mitsunari penetrates 
the internal restoration resin section 5 1 and the reflective filter 4, and incidence is again carried out 
through the field 32 besides the downstream to optical waveguide 24. 

[0143] On the other hand, incidence of the reflected light reflected by the reflective filter 4 is carried out 
to a photodetector 674 through the internal restoration resin section 51, optical waveguide 24, and the up 
restoration resin section 52. And the monitor of the optical reinforcement of the signal light of the 4th 
channel currently transmitted in optical waveguide 24 is carried out from the optical reinforcement of 
the reflected light detected with the photodetector 674. 

[0144] Moreover, the optical shielding layer 263 is formed in the up clad 21 by the side of optical 
waveguide 23 and a photodetector 673, in view of optical waveguide 24. The light by which optical 
waveguide 24 is spread to the photodetector 673 which adjoins by dispersion of light, the breadth of the 
light reflected and transmitted, etc. among the signal light currently transmitted is covered by this optical 
shielding layer 263, and generating of the cross talk between the 3rd and the 4th channel is prevented. 
[0145] Moreover, the optical shielding layer 264 is formed in the up clad 21 by the side of optical 
waveguide 25 and a photodetector 675, in view of optical waveguide 24. The light by which optical 
waveguide 24 is spread to the photodetector 675 which adjoins by dispersion of light, the breadth of the 
light reflected and transmitted, etc. among the signal light currently transmitted is covered by this optical 
shielding layer 264, and generating of the cross talk between the 4th and the 5th channel is prevented. 
[0146] In this operation gestalt, the optical shielding layers 261-267 are formed as an optical-path 
isolation means to isolate reflected light ways, in the Kohei side waveguide mold circuit 1 to the 
reflected light way from the reflective filter 4 to photodetectors 671-678 like the optical shielding layers 
251-257 in the 3rd operation gestalt shown in drawing 7 and drawing 8 . Thereby, generating of the 
cross talk between the adjoining channels can be prevented certainly as mentioned above. 
[0147] Moreover, in this way, it is filled up with resin between the up clad 21 of optical waveguides 21- 
28, and the photodetector array 66, and according to the configuration which formed the up restoration 
resin section 52, even when irregularity etc. is shown in the front face of the up clad 21, the scattered 
reflection of light and dispersion by it are controlled. 

[0148] As an example, the cross talk has been improved to <-28dB level to the condition that the cross 
talk deteriorated to -20dB, by preparing an optical shielding layer in the up clad of the Kohei side 
waveguide mold circuit as mentioned above. 

[0149] The optical waveguide module by this invention is not restricted to the above-mentioned 
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operation gestalt and the above-mentioned example, and various deformation is possible for it. For 
example, although the difference of the reflection factor in reflective filter 4 the very thing is 
compensated about polarization compensation of the difference of the reflection factor in the reflective 
filter 4, when generating of the polarization dependency by the echo by 2n of optical waveguides, 
restoration resin 5, and the interface of 6n of photodetectors etc. is known beforehand, the reflection 
factor which also compensates them may constitute the reflective filter 4. 

[0150] Moreover, about the optical-path isolation means for preventing generating of the cross talk 
between the adjoining channels, the thing of not only the configuration mentioned above but various 
configurations may be used. For example, when preparing an optical electric shielding member in 
restoration resin, it is good also as a member different from a submounting substrate, and an optical 
electric shielding member may be prepared in internal restoration resin circles. Or it is good also as a 
configuration which uses together the optical electric shielding member prepared in an up clad, the 
optical electric shielding member prepared in restoration resin, and improves a cross talk further. 
[0151] 

[Effect of the Invention] The optical waveguide module by this invention acquires the following 
effectiveness, as explained to the detail above. That is, while forming the slot on slanting so that optical 
waveguide may be crossed, a part of signal light is reflected with the reflective filter installed inside the 
slot, and according to the optical waveguide module of a configuration of using for the monitor of 
optical reinforcement, the configuration and production process of an optical circuit are simplified. 
Moreover, it becomes possible not to be concerned with the polarization condition of signal light, but to 
carry out the monitor of the optical reinforcement correctly by using the reflective filter with which 
polarization compensation by which the reflection factor between each cross polarization is made equal 
was realized. Moreover, since the inside of the slot containing a reflective filter is closed with restoration 
resin, degradation of the long-term stability of operation by their being polluted is prevented. 
[0152] Such an optical waveguide module can be applied as a signal light monitor on the strength 
inserted all over the optical circuit which consists of an optical fiber or Kohei side waveguide. Or it is 
also possible by preparing in the predetermined part of the Kohei side waveguide mold circuits, such as 
an optical multiplexing machine, an optical separator, and an optical attenuator, to consider as the 
configuration which carries out the monitor of the signal light reinforcement all over an optical circuit. 
[0153] Moreover, generating of the cross talk between the adjoining channels can be prevented as much 
as possible by establishing an optical-path isolation means between the reflected light ways where the 
signal light of N channel reflected by the reflective filter adjoins to the reflected light way of N 
individual spread to a photodetector. This becomes possible to carry out the monitor of the optical 
reinforcement of the signal light in each channel to accuracy about the signal light of N channel 
transmitted in each optical waveguide. 



[Translation done.] 
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